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r I 'H E R E are many definitions o f genius, and none o f them is satisfactory.
JL Yet it is a quality that most o f us can recognize when we come across it, even though w e may not understand it. It is a quality which no one who had m et and spoken w ith him w ould have denied to W illiam Bateson. One felt at once that one was in the presence o f an intensely virile personality. Physical features count for much, and Bateson's were such as to have marked him out in any assembly. Yet, arresting as these were, the impression they conveyed was not so much o f physical as o f intellectual and spiritual power. Had his activities lain in literature or politics his features w ould have been familiar to all. By the choice o f science for his life's w ork he escaped that press publicity for which he had much contempt. So it has come about that, although the average educated man has heard his name, and in a vague way associates it w ith a remarkable grow th in our knowledge o f heredity, he has little idea o f w hat this new knowledge means to mankind, and o f the part that Bateson played in its acquisition. After all, this is not surprising when we call to mind how great is the mental inertia o f a population, especially in habits o f thought where pecuniary profit is not directly concerned. In spite o f the magnificent advertisement from the churches it took some decades before the greater part o f w hat we call the civilized w orld began to think in terms o f evolution. It may be some decades yet before it begins to think in terms o f heredity. Religion, law and politics adapt themselves but slowly to fresh thought, and perhaps, on the whole, it is well that this should be so. Nevertheless man in the mass does progress gradually towards a truer conception o f his ow n nature. He is coming to rely more and more upon experimental knowledge in compassing that development o f the mechanical and technical operations o f production essential to an ever-growing population. He is learning to use knowledge w ith less prejudice, and to trust the scientific method o f acquiring it. He has already harnessed heredity for the improve ment o f his crops, and though at present heredity is for most but a technical process, there will come a day when man will realize that he, too, is under its inexorable law. In that day he will recall the names o f Gregor Mendel, who first formulated the law o f heredity, and o f W illiam Bateson, who first taught men its deep significance.
To appreciate the part that Bateson played we must go back into the last century. At the time when he began to study science at Cambridge, the question o f evolution was still much to the fore. Having accepted descent w ith modification as a general principle, naturalists were busy showing how the various branches o f the animal kingdom could be related to one another. Among the questions most keenly disputed was that connected w ith the origin o f the great vertebrate group. From what group o f invertebrates could they be supposed to descend ? Several claimants for the honour had been put forward and argued for, but to none had been accorded general recognition. Between the lowliest vertebrate and any thing else there seemed, even in speculation, an almost unbridgeable gap. Francis Balfour, then teaching in Cambridge, had laid stress on the fact that the embryological stages through which an animal passed in the course o f its development often offered better evidence o f its affinities than did its adult structure. There was known a lowly w orm o f dubious nature called Balanoglossus, which no one had succeeded in relating to any other animal. Bateson decided to study the development o f this creature and proceeded to America for the purpose. He was entirely successful, and showed that, judged by the canons o f research in vogue, Balanoglossus must be regarded as the humblest member o f the group to which the vertebrates belong, thus opening up a fresh view o f the relation o f this great group to the rest o f the animal kingdom. It was a wonderful piece o f work for a young man in his early twenties, and was rightly hailed as one o f the triumphs o f the embryological method.
But Bateson himself was not satisfied. His keen critical faculty had led him during the course o f the work to question the foundations upon which it was built. In constructing their great pedigree o f the animal kingdom naturalists had assumed that heritable variations occurred in all directions, and that evolution took place through natural selection favouring and intensifying such variations as were more favourable to the organism in its struggle for existence, while rejecting those that were less so. In this assumption they were merely following Darwin himself who, in this matter o f variation, had given them an unlimited credit upon which to draw. Bateson pointed out that, for a given group o f animals, entirely different and equally plausible pedigrees can be drawn up according as this or that variation is regarded as having taken place at any given time. The weakness o f the method lay in the conception o f the nature o f variation then generally accepted. Bateson realized that if further progress was to be made the naturalist must learn more o f variation, studying to fmd out what kinds o f variation actually occurred, and what did not.
Characteristically he at once set to work to collect facts wherever he could fmd them. In this he had little sympathy from his colleagues, o f whom one o f the most influential even warned him that he was embarking upon a useless enterprise, as Darwin had already * swept the board '. Moreover, the desertion o f orthodox morphological methods o f inquiry by the most brilliant o f its younger exponents caused him to be regarded by many as little better than a renegade. But Bateson was never deterred by other men's opinions. He had weighed things up, and set out firmly on his solitary quest. For ten years he devoted himself to the study o f variation, collecting in the field, visiting museums at home and abroad, and hunting through the libraries. The experience then gained was o f immense value in later years, for not only did it bring him into direct contact with the breeder and with the systematist, who were then ignored by the professional naturalist, but it laid the foundation o f his unrivalled knowledge o f biological literature.
In 1894 appeared his Materials for the study o f , a book now recognized as one o f the great landmarks in biological thought. Its main thesis was the prevalence o f Discontinuity in Variation. Hitherto the watch word had been Continuity, as typified in the dictum Natura non facit saltum. That this was far from being generally true was emphasized by the wealth o f material which Bateson had collected. In numberless cases the variety was found to be sharply distinct from the normal form ; nor was there any series o f intermediates to be found between them. This was in consonance with the view that the varietal form had arisen by a sudden jum p (or, as we should say to-day, mutation), and that it preserved its discontinuity even when breeding with the normal fo$m.
Bateson further pointed out that this new view o f variation must react upon our conception o f the nature o f species, the most fundamental o f all the problems w ith which the naturalist is called upon to deal. For the older 338 naturalists, species-in so far as they were defined-were hard and fast things, a view which satisfied the religious demand for their origin by special creation, and was at the same time in general accordance w ith the facts. It is true that Linnaeus, in his later writings, was forced to take account o f the fact that definite varieties were to be found among many o f the species he had so laboriously defined; but this he preferred to ascribe to the corrupting influence o f a sinful world on the perfection o f the creature as it had emerged from the mint o f the Creator. It was recognized, too, that hybridization between accepted species might occasionally give rise to the appearance o f unusual forms, but as such hybrids were generally sterile they could have no practical influence upon the natural order. Even where fertility occurred, the w ork o f Kolreuter and others seemed to show that in a few generations they reverted to the form o f one or other o f the original species which had entered into the cross.
W ith the advent o f the Darwinian version o f evolutidn the conception o f species underwent a profound change. Indeed, it has been pointed out that The origin o f species amounted to a negation o f species as understood by the systematist. The fundamental teaching o f that book was that one species passed gradually into another by the accumulation o f small con tinuous variations through the operation o f natural selection. W hat we term a species is not a thing o f any inherent stability, but merely a time concept. For since the sequence o f living forms is a continuous one, and since a given generation varies only very slightly from its immediate predecessor and from its immediate successor, it is clear that if we had the complete sequence spread out before us we should not be able to say where one species ended and another began. Species, on this view, is merely a cross section o f the continuous life sequence at a particular moment o f time.
It was this view that was implicit in the great outburst o f morphological w ork which followed the pubhcation o f Darwin's book, and it was to the facile and uncritical acceptance o f it that Bateson offered an unqualified resistance. He reaffirmed the reahty o f species, pointing out that the Darwinian view had never conquered the systematist, who, from the very nature o f his occupation, was most conversant with species themselves. He stressed the discontinuity o f species, and showed that it had its parallel in the discontinuity o f variation. How the two were related, further w ork alone could show. Meanwhile the fairest hope o f solving the problem o f species which, after all, is the main quest o f the naturalist, lay in abandoning the construction o f elaborate pedigrees by morphological methods, and concentrating upon the study o f variation itself.
By the scientific world the challenge was little heeded, and the com mercial history o f the book itself may be taken as a measure o f the estimation in which it was held. A few years after its issue it was remaindered at a lower and lower price, and soon was little seen or heard of-to-day it is eagerly sought after at several times its original cost.
The instant failure o f so remarkable a book was probably due to a variety o f causes, but there are two that doubtless played a not unimportant part. Its pubhcation coincided with the rise o f what is known as the Biometrical School. Inspired by Galton, and led by Pearson and Weldon, this school started the investigation o f evolutionary problems by statistical methods, and, by the appropriate treatment o f massed data, strove to give mathematical expression to such concepts o f biology as were related to the process o f evolution. Essential to the successful apphcation o f their methods was the idea o f variation as a continuous process in the sense in which Darwin had understood it. It was natural that younger men, who were beginning to take more interest in the problems o f heredity and variation, should lean rather to a method in which the fundamental concept was that in which they had been brought up, than turn for guidance to one who, like Bateson, vigorously questioned its validity. The second reason probably lay in Darwin's teaching with regard to ' sports '. Though originally inclined to ascribe to them some weight in the evolutionary process he later altered his mind, and considered that they would be rapidly swamped out o f existence as the result o f inter-crossing with the numerically predominant normal forms. W hen, therefore, Bateson urged the importance o f the discontinuous variation, or sport, he probably appeared to many to be raising an issue which Darwin had already considered and settled.
W hatever the reasons, Bateson's book failed to win over to his views any naturalists o f note, and in the years that followed he had to bear singlehanded the brunt o f many an attack. Meanwhile, convinced o f the reality of discontinuity in variation, he had started along another line, taking up once more the long neglected study o f experimental crossing ; but though the study was old, the purpose with which he imbued it was new. For the earlier workers the principal problem was the fixity o f species, and their main end was achieved when they were able to show that the fertile hybrid, on being repeatedly crossed back with one o f the parental species, gave offspring similar in type to that species. For Darwin the chief interest in many o f the crosses which he undertook lay in the sudden appearance o f reversionary forms, i.e. of forms showing a greater resemblance to a putative ancestor than to either o f the forms from which they had sprung. Thus the appearance o f a blue pigeon, from crosses between black Barbs and forms which were nearly white, was used by him as an argument for the derivation o f the various breeds o f domesticated pigeons from the blue rock dove ( C o l u m b a livia). It was w ith a very different idea that Bateson started his crossing work. Convinced o f the existence o f discontinuity in variation he felt that the next step to be taken was to determine by controlled experiment the mode o f transmission o f variations o f this nature. The spirit in which he approached the problem may best be given in his own words from an address delivered before the H ybrid Conference, called together by the Royal Horticultural Society in July 1899.
' The recognition o f the existence o f discontinuity in variation, and o f the possibility o f complete or integral inheritance when the variety is crossed w ith the type is, I believe, destined to simplify to us the phenomenon o f evolution, perhaps beyond anything we can yet foresee. At this time we need no more general ideas about evolution. W e need particular knowledge o f the evolution o f particular forms. W hat we first require is to know wha happens when a variety is crossed w ith its nearest allies. If the result is to have a scientific value, it is almost absolutely necessary that the offspring o f such crossing should then be examined statistically. It must be recorded how many o f the offspring resembled each parent, and how many showed characters intermediate between those o f the parents. If the parents differ in several characters, the offspring must be examined statistically, and marshalled, as it is called, in respect o f each o f those characters separately.' N o one w ho reads this passage and compares it w ith the introduction to M endel's own paper can fail to be struck by the similarity o f thought w ith which each envisaged and stated his programme. So it came about that when Mendel's forgotten w ork was dug out in 1900 it was Bateson more than any other man who was in a position to assess it at its proper value. It was the clue for which he was directly seeking, which he was on the verge o f finding out for himself. He knew at once that Mendel's discovery was no mere interesting phenomenon to be witnessed in the cross breeding o f plants, but a law o f universal application. The dis continuity in heredity revealed by Mendel was the logical sequel to the discontinuity in variation upon which he himself had so long insisted.
For the next few years Bateson flung himself whole-heartedly into the vindication o f the principles which Mendel had enunciated. He had recently moved to a house w ith a room y old garden at Grantchester, a little village on the outskirts o f Cambridge, and there his experiments w ith plants and poultry were continued, and fresh ones set in train. He felt that there was a time o f strenuous controversy coming, and in this he was not mistaken. The Biometricians, so firmly opposed to the idea o f discontinuity in variation, had taken as their foundation stone Galton's ' Law o f ancestral heredity . W ith it Mendel's conclusions were clearly incompatible. Two courses, and two only, were open to them : either to throw over the $ Law o f ancestral heredity ' or to oppose the Mendelian doctrines to the best o f their ability. It was the latter that was chosen, and early in 1902 there appeared in the pages o f Biometrika an article by Professor W eldon, minimising the importance o f Mendel's discovery, and asserting that all w ork conducted along such fines was fundamentally vitiated through the neglect o f ancestry. It was the considered pronouncement o f one who was then regarded as the highest authority in this country upon such matters. Realizing the danger, not only that Mendel might be temporarily snuffed out, but that the younger men would be headed off from exploring the fresh field o f research now opened up, Bateson at once set to w ork to prepare an answer. A few months later appeared Mendel's principles of heredity : a defence, a small volume in which he gave full play to his great gift for expression as well as to his wonderful critical powers. W eldon's position was remorselessly torn to shreds, and however one may pity the man who stood in his place it cannot be denied that the treatment was well deserved.
The defence served its purpose. Mendel was assured o f his hearing, and Bateson began to enrol recruits from among the younger men. Facts began to pour in, and when, at the Cambridge meeting o f the British Association in 1904, Bateson became President o f the Zoological Section he felt himself in a position to deliver a counter attack. Both Biometricians and Mendelians turned up in full force, and it was before a crowded audience that Bateson delivered his spirited address. The heated debate that succeeded was keenly followed by the packed assembly, and at the end o f it there was no mistaking the feeling as to the side with which the victory lay. The Biometrician with his ' Law o f ancestral heredity ' rapidly faded from the picture, and the way was made clear for that remarkable increase in our knowledge o f heredity which has been one o f the most striking features o f modern biological progress.
In no place were those studies more fruitfully pursued than in Cam bridge, where Bateson had gathered round him a band o f devoted workers inspired by his own enthusiasm for a great idea. But strong as that enthusi asm was it was always kept well within bounds, for he was ever as relentless 342 a critic o f himself and his colleagues as o f those who opposed what he held to be true. * Never go beyond your facts ' and * treasure your exceptions ' were tw o o f his favourite sayings. In those earlier days o f Mendelism when the workers were still few, Cambridge was the predominant centre for these studies, and the old garden at Grantchester became the Mecca o f students from many lands. In 1908 the University recognized his peculiar position by creating for him a chair o f biology. He did not, however, hold it long, for in the following year he accepted the directorship o f the newly founded John Innes Horticultural Institution, near W imbledon, where the remainder o f his life was spent.
The appointment brought out his powers o f practical organization. W hen he came there was nothing but the bare land ; when he went he left behind him w hat is probably the best equipped station o f its kind in the world, one which in this country is already the centre o f research into the heredity o f plants. Primarily it is devoted to the investigation o f problems which the breeder would probably term severely scientific, and in the earlier days o f its development there were many critics who resented the idea o f funds left for horticulture being devoted to such purposes. Probably no other man but Bateson could have succeeded in making the place what it is, for no other man o f science in recent years has ever enjoyed to the same extent the confidence o f the practical breeder. He had sought him out in those earlier days o f the study o f variation and learned directly from him o f the problems and the difficulties o f his craft. In the show-yard and at the flower show, Bateson was a well-known figure, always on the look out for fresh facts, and keenly questioning any he thought had something to tell him.
Later on, when the Genetical Society was founded under the presidency o f Lord Balfour, Bateson not only insisted that the practical breeder o f animals and plants should be eligible for its limited membership, but took infinite pains in arranging meetings at shows o f poultry, or canaries, or flowers, at the great breeding establishments such as Sutton's, or in other places where practical w ork was going on. It was his great aim to bring together the fancier, the man o f science and the commercial breeder, and to make them realize that they were all attacking the same great problem, though it might be in rather different ways. Each could help the other, and cooperation was for the good o f all. His quickness in grasping the other man's point o f view, his ready sympathy and his transparent sincerity led men o f all sorts to trust him, and it is not the least part o f his fife's work that he went far towards breaking down that barrier between the man o f science and the man o f practice which had so lamentably grown up in the latter part o f last century. * Practice with science the well-known motto o f the Royal Agricultural Society, was one that he quoted with approval though perhaps in his heart o f hearts he could have wished the order reversed. For it was the austerity o f science that attracted him and, as he once wrote o f a distinguished colleague, he liked his knowledge hard and clear. He was human enough, however, to value the triumph o f successful application, and many visitors to the John Innes Horticultural Institution will probably recall the gusto with which he demonstrated the plots o f mangels that refused to ' bolt ', and the giant flax which the world owes to his ingenuity and insight.
Still, these things were only by-play, and he never forgot that, with the rarest exceptions, the great discoveries upon which is founded the w orld's progress have been made with no other thought than the gratification o f curiosity. Mendel himself was a case in point for, ' untroubled by any itch to make potatoes larger or bread cheaper, he set himself in the quiet o f a cloister garden to find out the laws o f hybridity, and so struck a mine o f truth, inexhaustible in brilliance and profit '. N or must we forget that it was Bateson who extracted from that mine some o f its brightest gems. To him and to his fellow workers were due the discovery o f sex-linkage, the starting-point o f a series o f researches which have already thrown a flood o f fresh light upon the nature o f sex ; the solution o f the old riddle o f reversion which had so greatly puzzled Darwin ; and the phenomenon o f the linkage o f characters which has been so brilliantly developed by the American school in linking up heredity with the microscopical structure o f the cell itself.
It was well said o f Darwin that his chief title to fame was that he first taught men to beheve in evolution. It is likely that future generations will single out Bateson's name as o f him who first taught men to believe in heredity. He himself was under no misapprehension as to what this new knowledge must ultimately mean to mankind. ' So soon (he once wrote) as it becomes common knowledge-not a philosophical speculation, but a certainty-that liability to a disease or the power o f resisting its attack, addiction to a particular vice, or to superstition, is due to the presence or absence o f a specific ingredient, and finally that these characteristics are transmitted to the offspring according to definite, predicable rules, then man's views o f his own nature, his conceptions o f justice, in short, his whole outlook on the world, must be profoundly changed. ' Though Bateson was deeply interested in the broader aspects o f social and political questions he wrote comparatively little upon them : some half a dozen essays are all that he has left us. But their weight is out o f all proportion to their bulk, for they are the fearless pronouncement on human society as he found it by one o f the most clear-sighted and critical minds o f the age. That they are not better known is doubtless due to the scattered nature o f their appearance, and it is gratifying to learn that they are shortly to be issued in collected form. From them one may reconstruct the picture o f humanity as Bateson saw it.
Fundamentally man is an animal w ith all the limitations that nature has set upon her creatures. Like all other species o f animals he is subject to variation. In this respect the human population o f the world is comparable w ith its population o f cats-also domesticated animals-whose matings are the outcome o f individual preference or convenience for the most part uncontrolled by any extraneous process o f selection. Between the two species the chief difference lies in the fact that the variations shown by man are more numerous than those found in the cat. But though there are more kinds o f men than there are o f cats, the difference is one o f degree only. The variations in either are due to the same cause, viz. the differences in the number o f ingredients introduced into the individual by the two germ cells that went to its make-up. Unless the ingredient necessary for the appearance o f a given variation or character is introduced by one or other o f the parental germ Cells, the individual can neither manifest the character, nor transmit it. Blue cats mated together do not have black offspring ; for they have arisen from germ cells which did not contain the ingredient for black, and being without it they cannot transmit it. Blue-eyed people mated together do not have brown-eyed children ; for they have arisen from germ cells which do not contain the ingredient for brown, and being w ithout it they cannot transmit it. And so for other characters.
Moreover these ingredients ( factors or genes the genetic are distributed in the hereditary process on that orderly scheme, which Mendel first revealed to us. This means that as soon as we have determined the factors necessary for the manifestation o f this or that character (and they are discoverable by the ordinary process o f Mendelian analysis) we can build up in true breeding form the type o f animal we desire. Presented with a collection o f mongrel cats the geneticist o f to-day could in a few generations sort them out into a number o f true-breeding types, fit to figure on the show bench. Conversely if a number o f pure-bred cats, belonging to the recognized breeds, were turned loose in a given area, no one would doubt that in a few generations a highly mongrelized population would result. Nevertheless, full o f variety as such a population would be, the essential ingredients upon which that variation depended would be transferred May 1952 z unaltered from germ cell to germ cell, and in a few generations the true breeding types could again be recovered. The mongrel character o f the cat population means, not that these ingredients are unstable, but that they are temporarily associated together in all manner o f unusual ways-unusual that is to say, from the point o f view o f those w ho fancy cats. And as are cats so, on a more generous scale, is man. The human population is even more highly mongrelized than th.e cat population, because the num ber o f the ingredients distributable by hum an germ cells is vastly greater. M an's properties and limitations, both physical and mental, are decided at the m om ent o f conception, and though conditions o f the environment, educa tional and the like, are not altogether w ithout influence, most characters are by such means little affected, some not at all. M en are not born equal nor ever will be, unless indeed some geneticist were given powers to form a true breeding strain. Meanwhile it is out o f this heterogeneous material that the framework o f society is constructed. ' The problem ', says Bateson, ' which confronts the political philosopher is to find a system by which these differentiated elements may combine together to form a coordinated community, while each element remains substantially contented w ith its lot.' The solution o f that problem may well tax the capacities o f the greatest and the bravest, but the first stage towards it must be the recognition o f the inevitable diversity o f individuals and the inevitable workings o f heredity. It is because this recognition lay w ith Bateson more fully than w ith any other, that his reflections upon social and racial phenomena are o f such high value and interest.
The falsity o f the doctrine o f the equality o f men has in modern times been clearly recognized by Gobineau, Galton and many another thinker, but in the absence o f any accurate knowledge o f heredity their reasoning could make little headway against the prevailing tide o f sentimental pre judice. Evolution was preached long before Charles Darwin, though it only became acceptable when he marshalled the facts and forced upon us the logical conclusion. So w ith that equally fundamental conception o f the inborn diversity o f man. Running counter as it does to the doctrine o f the equality o f rights and opportunity which the modern politician, avid o f votes, would appear to accept as the basis o f the modern State, it is unlikely to meet w ith general acceptance unless it too is forced upon us by the logic o f facts. N ot until we had from Bateson the enunciation o f discontinuity in variation, and from Mendel the revelation o f discontinuity in heredity, could there come into being that irresistible body o f facts which must henceforth play so great a part in the destiny o f mankind. That the diversity o f man is inborn, and no mere accident o f surroundings, is no longer a philosophical speculation. It is now certain knowledge, and Bateson insists that it is upon this knowledge that the foundations o f a strong and stable State can alone be laid.
' If there are societies which refuse to apply the new knowledge, the fault will not lie w ith genetics. I think it needs but little observation o f the newer civilizations to foresee that they will apply every scrap o f scientific knowledge which can help them, or seems to help them in the struggle, and I am good enough Selectionist to know that in that day the fate o f the recalcitrant communities is sealed.' But, the politician might ask, granted that it is desirable, how is this new outlook to be infused into the State ? By what means can men be made to realize their inherent inequalities and accept them cheerfully ? Something, thought Bateson, could be done by propaganda. Though few to-day would assert the doctrine o f equality in its most stringent form, fewer still reahze how enormous the inequalities really are. Civilization is progress in the control o f nature, and * the members o f civilized communities, when they think about such things at all, imagine the process a gradual one, and that they themselves are active agents in it. Few, however, contribute anything but their labour ; and except in so far as they have freedom to adopt and imitate, their physiological composition is that o f an earlier order o f beings.' Civilization is the w ork o f the outstanding pioneer mind, and ' but for a few thousands o f such men, we should perhaps be in the Palaeolithic era, knowing neither metals, writing, arithmetic, weaving, nor pottery '. So, too, the perfecting and application o f the ideas o f the great ones need genius in some degree, and are far beyond the powers o f the average man. Propaganda may help men to realize this truth, and Bateson suggests the preparation o f a series o f charts which would represent in pictorial form the vast differences in the intellectual powers o f man : differences before which the extremes o f physical diversity, conspicuous as these often are, fade into utter insignificance. ' I cannot imagine ', he writes, ' anything better fitted to teach humility, the only foundation o f content.' Sound and stable communities will only become possible when men learn to judge themselves and others by what we may term the genetic standard. ' The great and noble w ork which genetic science can do for humanity at the present time is to bring men to take more true, more simple and, if so inexact a word can be used intelligibly, more natural views o f themselves and o f each other.'
